In order to improve fundamental understanding and facilitate evaluation of mineral aggregate morphological characteristics, this paper herein presents a Fourier analysis approach through a newly-developed Matlab program. In this research, basalt aggregates of 4.75mm were selected and scanned to obtain the X-ray CT images. With the Matlab program, aggregate X-ray CT images were processed and the twodimensional geometric parameters of individual images were directly computed. Those parameters include the Fourier function, Fourier Form Index (FFI), Fourier Angularity Index (FAI), Fourier Texture Index (FTI), shape fluctuation index (ψ), and so on. Through the imaging process and analysis, it was observed that 1) in the aggregate scanning process, introducing a recyclable scanning box was high-efficiency, good energy-saving and environment friendly; 2) the newly-developed Matlab program was very convenient in performing analysis of two-dimensional images; 3) from this program, aggregate characteristics could be analyzed and evaluated by the above two-dimensional parameters directly from aggregate images.
INTRODUCTION
The morphological features of mineral aggregates play a very important role in the behavior of construction materials, since mineral aggregate take the majority of volume or mass. Therefore appropriate method to analyze and evaluate the mineral aggregate is extremely essential and it is very difficult to accurately characterize aggregate morphological parameters when the conducting the related study. For this reason, only some primary criteria with the engineering experience were used to evaluate and analyze the aggregate morphological features in most mixture proportion design methods. Some statistic analysis, survey, or experimental tests have been done in some research (Chen et al. 2001 , Hossain et al. 2000 , Hu Li-qun et al. 2014 . In recent years, more and more scholars have come to be interested in the study and try to mathematically express aggregate morphological features using the Fourier transform approach for characterizing two-dimensional morphological characteristics of mineral aggregates based X-ray CT images. The relationship between the Fourier coefficients and aggregate morphological parameters and three typical indexes were proposed to evaluate aggregate twodimensional morphological characteristics, the Fourier Form Index (FFI), the Fourier Angularity Index (FAI), and the Fourier Texture Index (FTI) (Wang et al. 2005) . Another study was conducted to analyze the relationship between grain size and shape of natural and crushed sand with the Fourier shape descriptors (Nivedita et al. 2007 ). Research effort was also made in the research and the MASCA (Morphology analysis system of coarse aggregate) was invented to study the aggregate characters (Wang Hainian and Hao Peiwen. 2009 ). The impact of particle morphological features on flow properties was also carried out (Xiaowei et al, 2012) . In addition to the direct evaluation of aggregates for design purposes, aggregate morphological parameters are also important inputs for computational mechanics and numerical simulations of stone-based mixtures as demonstrated in the previous studies. Because no technique was developed for characterizing aggregate morphological features, researchers developed randomly-created particles to simulate aggregates (Liu and You 2012, Li P et al 2015) . Therefore, a convenient approach for mathematical express aggregate morphology has become more and more important in both design and numerical simulation.
Under the background above, the main objective of this paper is to present a Fourier analysis approach for mineral aggregates through a newly-developed Matlab program. This approach was developed for two purposes: 1) the first one is to facilitate evaluation of mineral aggregate morphology through the newly-developed Matlab program; 2) the second is to scan the selected aggregates and apply the MATLAB program for analyzing the corresponding X-ray CT images. In this paper, the first purpose will be fulfilled while the section purpose will be discussed in the future publications.
MATLAB PROGRAM FOR AGGREGATE IMAGE ANALYSIS
Matlab is the most popular software for Engineering calculation and analysis. In this research, a Matlab program which consists of a series of Matlab functions stored as FFI.m, FAI.m, FTI.m, etc. was developed for analyzing two-dimensional images of aggregates and calculate the corresponding parameters. Followed are the eight steps of the Matlab-based image analysis method: (1) make preparation of X-ray CT images: the approach herein is simpler, more economic and high-efficiency through comparison with the traditional methods to prepare X-ray CT Scanning specimens with epoxy resin; (2) process X-ray CT scanning and analysis; (3) convert the grayscale images into binary images; (4) segment and name aggregate particles in the binary images; (5) calculate basic two-dimensional image parameters; (6) calculate and analyze aggregate morphology; (7) 
Matlab program for Fourier Analysis and Evaluation
This section herein presents an example application of the newly-developed Matlab program. A total of 48 Basalt aggregate particles of 4.75 mm were selected and scanned by continuous slice scanning method on the X-ray CT Machine of the YXLON CompactType 22. As a result, images of those aggregates were taken in different views, namely the right view, the top view, and the front view. According to the X-ray CT scanning, about six hundreds of images were obtained for each aggregate. Therefore, a total of 28800 images for 48 basalt aggregates were taken for imaging analysis. Though the Matlab program for Fourier analysis was convenient and high-efficiency in processing images and that all the 28800 images for all the 48 particles could be conducted in a short period. Therefore, one of the 48 aggregate was selected to demonstrate the use of the Matlab program for Fourier analysis. This selected aggregate '1-3-2' was located in second layer, third row and second column in the specimen of the X-ray CT that was shown in the Fig.2(c) . The three views and stereogram are shown in Fig. 3 . 
AGGREGATE IMAGE ANALYSIS OF BASALT AGGREGATES
Through analyzing 28800 images of the selected aggregates with the Matlab program, the Fourier coefficients, FFI, FAI, FTI, and other parameters (ψ, area, perimeter, ect.) were calculated and exported into Excel files. In this paper, only FFI, FAI, FTI, and ψ were analyzed and the results would be discussed in the following sections.
(1) Image Analysis Based on Fourier Form Index
The original data of the FFI values were calculated from the Matlab program and the image number vs. FFI values was plotted in Fig. 4 . The following findings were observed that: (1) The left side and right side of the aggregate particle had similar shapes since the FFI values were similar; (2) The middle section of the aggregate had a similar shapes due to differences among the FFI values were very small; (3) In general, this aggregate particle is a round particle since most of the FFI values were close to 1. The Fig. 4 shows that one typical image has the maximum calculated FFI value equaled to 1.01422. With the largest value that shows the shape of one image for aggregate 1-3-2 deviated farther from the circle than any other images. So the slice of image will be selected and processed separately.
(2) Image Analysis Based on Shape Fluctuation index
Conducted the 'ψ.m' files to calculate the shape fluctuation index ψ of this slice, then variations of the shape are detailed described and analyzed. Shape fluctuation index ψ (%) represents the variations of aggregate shape and defined as the ratio between R(θ) and R(θ+Δθ). Three hundred and sixty values of ψ for one image from aggregate 1-3-2 are calculated with the 1° angle interval. Fig. 5 and Fig. 6 are the polar diagram and chart of corresponding shape fluctuation indexes for the image to aggregate 1-3-2.
The qualitative analysis of coarse aggregate shape fluctuations was according to the positive and negative: when ψ> 0, that indicates the R(θ+Δθ) is bigger than R(θ), the shape in R(θ+Δθ) has a tendency to convex from R(θ), the greater of numerical value implies the more outward of the shape; When ψ= 0, the distances from the edges of R(θ+Δθ) and R(θ) to centroid have the same values and the two points are connected linked by circular curve; When R(θ+Δθ) < R(θ), the shape has a tendency to form an inward concave and the greater absolute value means the more inward concave.
According to the diagram of shape fluctuation index, the following rules can be found; the positive and negative variations of ψ indicate the outward and inward shape tendency of aggregate morphologies. The obvious outward phenomenon would be generate in the images overtly, when the value of ψ changing from positive to negative. The degree of mutation amplitude was related to the numerical value, the bigger of the numerical value stood for the more obvious variation in aggregate morphologies. As Fig. 5, and Fig. 6 shown that in the vicinity of 70°, 206°, 315°, image performed this phenomenon (marked by red circle in Fig. 4) ; When ψ value changes from negative to positive value, the obvious inward phenomenon generates in the images and the degree increases with mutation amplitude of the value, the greater of numerical value means the more obvious of the inward concave. As Fig. 5, and Fig. 6 shown that in the vicinity of 142°、358°, image performed the phenomenon (marked by blue circles in Fig. 6 ). The tiny amplitude of variation of positive and negative value has unimportant impact on the aggregate twodimensional shape so these points can be ignored.
Under observation of shape fluctuation index diagram, some rules could be found in Fig. 6 . The absolute values of shape fluctuation index ψ are very large in particularly three points 55 °, 98 °, 316 °(marked by green rectangles in Fig. 6 )，the same changing rule to these special points: when ψ>0, radius become larger; When ψ<0, radius become small (shown in the Fig.5) . Therefore, the Matlab program can't be only used to evaluate the aggregate shape on the whole, but also can conduct a further analysis to the special sections. The Fig. 9 shows that the range of Fourier texture index for aggregate1-3-2 aggregate distributes between 0.0007~0.0025, so not very rich performance to surface texture of the slicing exists, while mutation FTI values appeared in some images. In order to check the calculation results, comparing original slices and the other left slices, extremely rich surface texture (Fig. 9) is found in this section.
SUMMARY AND RECOMMENDATIONS
In this paper, a Matlab-based program was developed for Fourier analysis of the mineral aggregate morphological features. With the newly-developed program, the twodimensional indexes were calculated. Followed are main finding of this research:
(1) The newly-developed Matlab program is an integrated tool for aggregate imaging analysis to characterize mineral aggregate morphological properties. Combined with Microsoft Excel, one can calculate not only the traditional imaging parameters but also aggregate morphological indices.
(2) Through analyzing the 4.75mm aggregates, it was found that the newly-developed method is convenient and efficient.
(3) In the aggregate scanning process, a recyclable scanning box can be not only able to the batch scanning aggregate, reduce workload and the scanning time, but also can avoid using materials such as epoxy resin, with very good energy conservation and environmental protection advantages.
